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Abstract 
Synthetic hydrocarbon fuel, derived from renewable energy and captured carbon dioxide from ambient air, can 
thoroughly close its carbon cycle and is a promising option for CCU and an important approach to sustainable energy. 
We investigate the Yongxing island in south China sea, which offers steady wind resources to provide continuous 
energy supply for plant factory and fuel synthesis. The energy consumption of MSAC and TSAC is compared and 
conversion of the captured CO2 to food and fuel are calculated. Powered by wind energy, 200 ton vegetables and 
5.2*103 ton diesel will be produced per year, so self-sufficiency of vegetable and fuel demand can be achieved on 
Yongxing island. Our methodology could provide a new utilization mode for islands like Yongxing island. 
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1. Introduction 
Energy, food and environment, among of which carbon plays an important role, such as hydrocarbon for 
energy, carbohydrate for food and CO2 for globe warming, will be the main factors which restrict the 
future development. A promising method is to combine the three together, that is, the captured CO2 is 
utilized to produce food and energy. In this way, the closed carbon cycle could be achieved. Due to the 
increased stress between energy supply and demand and concern on global warming, associating with the 
emerging vertical farm, the idea above can be perfectly realized. With our methodology, the captured CO2 
is utilized in vertical farm, also called plant factory, to boost vegetable yields for more food on the one 
hand, on the other hand, it can also be used in synthetic system to produce hydrocarbon fuel, such as 
gasoline and diesel. Both of the two utilization patterns have been studied widely and have high technical 
maturity[1-2]. 
In our previous paper[3], a great vision, that is long-term CO2 capture, Subseafloor CO2 sequestration, 
and energy production on the Kerguelen Plateau, has been proposed, but the detailed energy consumption 
analysis was not mentioned, and lots of  controversy on the risks on geological storage of CO2 still exist. 
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In this paper, a methodology combining long-term CO2 air capture and the utilization of the captured CO2 
is proposed on the Yongxing island in Xisha islands of south China sea, which involves liquid fuel 
synthesis and enhancement of vegetables yields and qualities by improving the concentration of CO2 in 
plant factory. In this way, the problems of fresh vegetable and energy demand, which is the greatest 
existence problem of people on Yongxing island, can be solved. Moreover, we consider a new technology, 
CO2 air capture, which involves removing CO2 from ambient air flowing using solid adsorbent, and the 
detailed energy consumption of the two CO2 capture methods, moisture swing air capture(MSAC) and 
temperature swing air capture(TSAC) is compared. The main purpose of this paper is to present an 
approach to achieve CO2 negative emission in a technologically feasible, environmentally friendly, and 
publically acceptable manner, and to provide a method to achieve self-sufficiency of energy and food for 
somewhere like Yongxing island. 
2. Materials and methods 
To realize the goal we proposed above, three colocated methodologies, each at a different stage of 
technological development and commercial maturity, are combined. These are (1) CO2 capture from 
ambient air, (2) energy production from remote wind resources and in part for synfuel conversion of 
captured CO2, and (3) energy production from remote wind resources and in part for plant factory of 
captured CO2 (see Fig. 1). In the following section, we discuss each of these methods and how they could 
be combined to assess the suitability of the Yongxing island as a remote and self-sustaining location for 
CO2 capture and utilization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic of the proposed CO2-recycled synthetic fuel production process. HX: heat exchanger sets. 
2.1. Ambient Air Capture of CO2 
The main challenge of CO2 air capture is the dilute CO2 concentration(400 parts per million, ppm) in the 
atmosphere. However, Thermodynamic analysis has shown that the energy cost of an air capture device 
should not be much larger than that of a flue gas scrubber, but huge surface areas of the air contactor must 
be built and substantial energy would be consumed for pumping the air and regenerating the alkaline 
sorbent. In recent years, low temperature processes, such as amine-based thermal swing technology and 
amine-based moisture swing technology have been developed to reduce the energy cost for sorbent 
regeneration[4-6]. By using solid sorbents, the devices and energy cost for moving the air can be avoided 
and the material loss during operation can be reduced, which could greatly decrease the capital and 
operating cost. In our previous studies, MSAC[3] has been proved to be an effective method of CO2 air 
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capture with low energy consumption, and it is also suitable for CO2 capture under humid conditions. For 
this study MSAC is applied to yongxing island, the energy consumption is analyzed and compared with 
TSAC from the existing literature.  
2.2. Renewable Wind and Energy Resources. 
Owing to the vast wind resources through the year around Yongxing island, in this paper, we propose to 
use wind energy to meet the energy requirements for air capture and conversion of the captured CO2 to 
food and energy. Wind resources generally vary over time and location, and in general, offshore average 
wind speeds on average are 90% greater than that over land[3]. In the Yongxing island region, there are 
about 1,200 people living there, and the climate is subtropical monsoon climate. Being surrounded by sea 
and with small land area, only 2.6 km2, Yongxing island has the characteristics of maritime climate: high 
temperature, high humidity, large wind speed and high salt. Temperature and relative humidity are 
relatively constant all the year round, ranging between 20 and 30°C and 75Ѹ85%, respectively. Winds are 
relatively steady and constant, even with seasonal changes, ranging from 3 m/s to 20 m/s, and can appears 
5000~7 500 hours per year, which is the rich wind energy resource area of China. 
On Yongxing Island itself, the flatter topography of the shallow sea area can be used to build wind farms 
and other infrastructure. Utilizing the vast wind resources of this region, we calculate that the energy 
demand of both ambient air capture and plant factory can be met, with sufficient energy left to potentially 
produce synthetic fuels from water and the captured CO2 feedstocks. Synfuel production relies on the 
reduction of CO2 to CO and water to H2 by electrolysis and the subsequent production of long chain 
hydrocarbons using Fischer䳼Tropsch processes[3]. The energy for CO2 reduction could come from the 
carbon-neutral wind resource. 
2.3. Conversion of the capturedCO2 to food and fuel 
As mentioned above, Yongxing island is surrounded by sea, and the land area is very small, coupled with 
the land salinization, vegetable and energy supply are big problems for the inhabitants of the island. We 
propose to build a plant factory and fuel synthesis system to resolve the problem. In this way, fuel 
synthesis and plant factory with CO2 captured from the atmosphere (air capture), as shown in Figure 1, 
can close the carbon cycle and mitigate climate change. An air capture process provides a CO2 source 
without constraints from location, timing and transportation. Coupling air capture to electrochemical 
technology would greatly increase the feasibility of a fuel synthesis system, in which process the 
electricity can be supplied by renewable wind energy on Yongxing island. The captured CO2 from 
atmosphere could be directly fed to electrolysis process, which means the capture process is intergrated 
with eletrolysis process. Efficient co-electrolysis under the same reversible potentials could avoid the 
excessive Joule heat production and the consequent complex heat management. The Gibbs free energy of 
dissociation corresponds to electrolysis reversible potential, which has the same value for CO2 and H2O at 
850ć. In this study, the SOEC (Solid Oxide Electrolyzer Cell), which is generally operated in the range 
of 700-1000ć[7], is chosen for CO2/H2O dissociation and related thermodynamic analysis. The produced 
sysgas (CO/H2 = 1/2) can be directly used in Fischer-tropsch synthesis process for fuel production. 
Plant factory is a emerging planting mode which can improve crop production greatly, in which 
environment factors as temperature, light intensity, carbon dioxide concentration, nutrient solution 
content, are optimally controlled by a computer. Therefore, the plant production is possible even in snowy 
midwinter, it is also possible to food production at the location of the barren, which could not be 
cultivated plants such as desert and polar regions. In this way, high land-use efficiency, high growth rate 
and crop yields can be achieved[8]. In addition, insect and bacteria cannot invade into a plant factory 
because it is completely isolated from the outside. Therefore, agricultural chemical free production can be 
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achieved. The disadvantages are its high initial cost and running cost compared to conventional land-use 
agriculture. In 2008, an agricultural Sci-Tech Park of Zhejiang university was built in Changxing county 
of Zhejiang provonce, and later a totally enclosed artificial factory plant occupying 800 m2 was built, 
which can produce about 200t vegetable per year. Assuming every person need 0.5kg vegetable for living 
every day, to build a plant factory of 800m2 will be enough for all people's vegetable demand on 
Yongxing island. 
3. Result 
In the following section, a resin-based sorbent made into membrane-type was used for CO2 air capture 
and its performance was tested by bench-scale laboratory experiments, the details of the sorbent can be 
seen elsewhere[9]. The experiment were done under the same conditions with Yongxing island, that is 
high relative humidity, and high wind speed. Then energy consumption was analyzed. and the parameters 
was compared with the literature using TSAC[10]. At last the wind capacity on Yongxing island was 
estimated, and the energy consumption of plant factory and fuel synthesis was calculated. Together, these 
results demonstrate the feasibility of our combined approach to achieve self-sufficiency of CO2 air 
capture and conversion on Yongxing island. 
3.1. Energy consumption analysis of CO2 capture 
In this paper two CO2 air capture technologies, moisture swing air capture(MSAC) and temperature swing 
air capture(TSAC) are evaluated. The air captured CO2 could be directly fed to fuel synthesis processes or 
compressed, transported and fed to a fuel synthesis process. 
 
Fig. 2 Energy consumption for fuel synthesis processes related to CO2 capture technologies. 
The MSAC process employs an anionic exchange resin using alkaline anions of CO32- as the CO2 sorbent. 
The solid material will absorb CO2 when dry and release it when wet. Vacuum conditions for pure CO2 
production will be created in the regeneration chamber after it is loaded with sorbent. Water will be 
sprayed into the chamber and then pumped away and collected. A moderate water consumption of 25 
moles of water per mole of CO2 is used in this study (11). According to desorption isotherms and the 
calculated desorption equilibrium constant of 2.35×10-3 25 oC [11], the optimized partial pressure of 
desorbed CO2 is 1.6 kPa at a regeneration efficiency of 12.8%. For direct integration to fuel synthesis, the 
low pressure CO2 with saturated vapor (CO2/H2O = 1/2) at 25 oC would be heated to 100 oC and then 
compressed to 100 kPa. Figure 2 gives the comparison of energy consumption calculated by MSAC and 
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TSAC. For TSAC, the details of energy consumption and the scale of the capture device can be seen 
elsewhere[10]. The ‘heating’ refers to the energy requirement from additional heater for heating the H2O 
and CO2. the result shows that for TSAC process, the largest energy consumption is heating to produce 
high temperature vapor for desorption, which accounts for about 70%. The results show that the energy 
consumption of TSAC is a little larger than MSAC, while compared with the energy requirement for co-
electrolysis, which is 782 kJ, both are insignificant. 
3.2. Computation of energy balance 
Concerning the energy supply for CO2 capture and the relevant conversion of the captured CO2 to plant 
factory and fuel synthesis on Yongxing island, 10 km2 of the near-offshore shelf in relatively shallow 
(<20 m) water is used to install wind turbines. According to the date collected about Yongxing island[12], 
the annual average ground wind speed is about 5 m/s, and the annual average wind speed at 500 meter is 
about 8.5 m/s. A simple Raleigh distribution of wind speed is used to estimate the wind potential on 
Yongxing island, the estimated average speed vmean is 6 m/s, and air density ρ = 1.2 kg/m3. With these 
assumptions, the average kinetic energy flux per unit area is given by J = ρ /2 · 6/π · vmean3, or 0.247 
kW/m2. Windmill spacing conventionally ranges from four rotor diameters in the wind-facing direction 
and seven rotor diameters in the wind direction (i.e., 6 per km2 for 77 m rotors)21 to as high as 10−15 
rotor diameters in the wind direction, to minimize boundary layer disturbances and optimize physical 
limitations and costs[3]. Assuming larger turbines with 4 × 12 diameter spacing, about 34 turbines will be 
installed, and we compute the total wind power potential for the mean wind speed in the study area(10 
km2) to be 39.2MW. Aerodynamics limits the conversion of wind energy flux to mechanical energy (Betz 
limit)[12]. Hence, the net capacity of each turbine is assumed to be about 37%, including the Betz 
limitation, interferences between wind mills, and transmission losses[13]. Operating with 80% turbine 
availability (accounting for maintenance downtime, low/peak cutout times, and more limited turbine 
accessibility), the annual wind potential of the studied area is about 101.6GWh. Expanding a greater 
number of turbines across a larger area around Yongxing island, and optimizing the wind farm density, 
could reasonably triple wind energy output in the region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Schematic of potential wind energy resource use on Kerguelen. 
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According to our experience in agricultural experiment station of Zhejiang university, the annual 
electricity consumption for operation of a 800 m2 plant factory is 3.96*109KJ, and the CO2 demand of the 
plant factory is about 20-24t/yr, the energy consumption of which is about 1.2*107 KJ. The remaining 
energy is used for fuel synthesis. Taking diesel for example, about 5.11*103 t diesel will be produced per 
year, that is 14 t per day, which is sufficient enough for fuel consumption on Yongxing island, and can 
provide fuel reserve for the passing ships of south China sea area. the calculation shows that Yongxing 
island could indeed function as an energetically selfsustainable carbon collection point (Figure 3), with 
the combined use of wind resources, CO2 air capture, and plant factory with synfuel production. 
4. conclusion 
Energy analyses have been conducted to study the CO2 air capture and conversion on Yongxing islandˈ 
The results of the present investigation indicate that: 
Energy consumption analysis shows that the energy consumption of TSAC is a little larger than that of 
MSAC, but both are insignificant compared with fuel synthesis. By combining CO2 air capture, plant 
factory and fuel synthesis, 200 ton vegetables and 5,200 ton diesel per year could be produced, self-
sufficiency of CO2 air capture and conversion on Yongxing island can be achieved. 
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